Introduction
============

Glioma is a common malignancy of the brain, especially in middle-aged and elderly individuals, and the proportion of elderly patients is on the increase worldwide ([@b1-ol-0-0-4158]). Glioblastoma muhiforme patients are treated by surgery, radiotherapy and chemotherapy because of the instability of the tumor gene, the heterogeneity of the cells and extensive infiltration, and the average survival rate is approximately 12 months ([@b2-ol-0-0-4158]--[@b5-ol-0-0-4158]). Conventional radiotherapy and chemotherapy do not eliminate all tumor cells, such as glial blastoma cells through the downregulation of p53 gene and upregulation of DNA repair enzymes including 06 methylguanine DNA methyl transfer enzyme 1, to avoid the damage of chemotherapy ([@b6-ol-0-0-4158]--[@b8-ol-0-0-4158]). Thus, more effective combined therapy for patients with malignant glioma is required at the molecular level. The identification of neural stem cells (NSCs), NSCs and glioma stem cells, NSCs in the brain specific targets can gather around the glioma cell clusters and can even track single glioma cells away from glioma cell clusters ([@b9-ol-0-0-4158]--[@b11-ol-0-0-4158]). Targeting treatment of glioma with NSCs as a carrier is becoming a hot research topic. However, whether NSCs have the function to 'repair' tumor cells and have the potential to differentiate tumor is unknown.

The present study aimed to determine the therapeutic effect of neural progenitor cells (NPCs) on a mouse model of glioma, and to determine the possible mechanism of action

Materials and methods
=====================

### Cell culture and drug treatment

The murine glioma cell line GL261 was obtained from American Type Culture Collection (Manassas, VA, USA). The cells were cultured *in vitro* in Iscove\'s Modified Dulbecco\'s Medium (Life Technologies, Grand Island, NY, USA) supplemented with 10% fetal calf serum (Sigma-Aldrich, St. Louis, MO, USA), 100 U/ml penicillin (P), and 100 g/ml streptomycin (S) (1% P/S; Life Technologies) and 20 M β-mercaptoethanol (complete medium). Anti-interleukin (IL)-22 neutralising mAbs were purchased from Abcam (Cambridge, UK). mIL-22 protein was purchased from Peprotech, Inc., Rocky Hill, NJ, USA.

### Animal model

Six- to 12-week-old female C57BL/6 mice were obtained from Charles River Laboratories. A brain tumor model was set up as described previously ([@b11-ol-0-0-4158]). A total of 1×10^4^ GL261 glioma cells were washed twice in phosphate-buffered saline (PBS) and adjusted to 5 µl of PBS in a 26-gauge Hamilton syringe (Yiliaoqixie Ltd., Shanghai, China). The mice were anesthetized with isoflurane. After shaving the scalp and making an incision, a burr hole was made in the skull 2 mm lateral to the midline and 2 mm anterior to the bregma using a dental drill. GL261 glioma cells and 1×10^5^ NSC cell or PBS were injected for \>1 min at a depth of 2.5 mm below the dura mater into the right cerebral hemisphere. The animals were observed daily and sacrificed by cervical dislocation when characteristic symptoms such as hunched posture, reduced mobility, and significant weight loss (20%) occurred. The mice were bred under specific pathogen-free conditions. Experimental protocols were approved by the Institutional Animal Care and Use Committee. Animals without such symptoms were regarded as long-term survivors after 90 days. The study was approved by the ethics committee of Wuhan General Hospital of Guangzhou Command.

### Evaluation of cell proliferation

Cells were analyzed for proliferation using a cell counting kit 8 assay (CCK-8 kit; Dojindo Molecular Technologies, Inc., Shanghai, China). The cells were seeded into 96-well plates at a density of 1×10^4^ cells/well, and incubated in a humidified atmosphere of 5% CO~2~ and 95% air overnight. Normal cell medium containing NSC or vehicle at the concentrations of 5 mM were added. A total of 10 µl CCK-8 (5 g/l in PBS) was added after 72 h incubation. The plates were incubated for 4 h and the blue dye formed was dissolved in 100 µl dimethylsulphoxide (DMSO or Me~2~SO). The absorbance at 450 nm was recorded by ELISA (Tiangen, Beijing, China).

### Evaluation of cell apoptosis

Cells were stained with annexin V (fluorescein isothiocyanate) to evaluate the cell death, according to the manufacturer\'s instructions (BD Biosciences, San Jose, CA, USA). Briefly, the cells were collected, washed with cold PBS and suspended in binding buffer. After staining with annexin V, the cells were analyzed using a FACScan flow cytometer (BD Biosciences).

### Quantitative polymerase chain reaction (qPCR)

The cells were treated with NSC *in vitro* and the culture period was 8 h. Total RNA was extracted from the cells using the RNeasy mini kit (Qiagen, Beijing, China), followed by complimentary DNA synthesis using the Superscript III first strand synthesis kit (Invitrogen Life Technologies, Shanghai, China). qPCR was performed on Bio-Rad amplifier using the Bio-Rad real-time PCR mix (Bio-Rad, Berkeley, CA, USA). Data were analyzed using the threshold cycle value normalized to the endogenous reference gene.

### Statistics

Data were presented as mean ± standard deviation. Statistical differences were determined by a two-tailed paired Student\'s t-test. SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used for the analyses. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Therapeutic effect of NSC on mouse model of GL261 glioma

To study the effect of NSCs on the mouse glioma model, we first injected stem cells or normal saline into the brain of GL261-transplanted tumor mice. The mice of the stem cell group showed a reduction of symptoms compared with the control group, and showed that the survival time of mice was significantly prolonged and the survival rate was increased ([Fig. 1](#f1-ol-0-0-4158){ref-type="fig"}). Further measurement by ELISA ([@b13-ol-0-0-4158]) showed that the tumor volume of mic/e of the stem cell group was significantly lower than that of the control group ([Fig. 1](#f1-ol-0-0-4158){ref-type="fig"}), which supported the data of the survival rate.

### Effect of NSC in vitro on gene expression of GL261 cells

In order to elucidate the mechanism of NSCs, the cells were co-cultured with GL261 cells at aratio of 1:1 to detect the expression of proto-oncogene and tumor suppressor gene. It was found that NSCs inhibited the expression of c-erbB1/C-myc/N-ras, but promoted the expression of tumor suppressor genes *Rb*, *p53*, *APC*. Overall, NSCs can regulate the balance of the proto-oncogene/tumor suppressor gene of GL261 glioma cells, thereby effectively improving the symptoms of glioma ([Fig. 2A and B](#f2-ol-0-0-4158){ref-type="fig"}).

### Effect of NSC in vitro on the phenotype of GL261 cells

The results showed that compared with the control group, the NSC treatment group inhibited the proliferation of GL261 cells as well inhibition to cell apoptosis, in a time-dependent manner. The results suggested that NSC cells can mediate the apoptotic phenotype of GL261 cells by regulating the expression of oncogenes and tumor suppressor genes, and the mechanism of NSC *in vivo* was preliminarily elucidated ([Fig. 3A and B](#f3-ol-0-0-4158){ref-type="fig"}).

Discussion
==========

Glioma is a common malignant tumor of the brain that affects primarily elderly individuals ([@b14-ol-0-0-4158]). The occurrence and development of many tumors including gliomas is associated with the imbalance of gene expression, e.g., proto-oncogene and tumor suppressor gene. In healthy conditions, the two genes are in a state of equilibrium. However, once there is imbalance the expression of proto-oncogenes are upregulated and the tumor suppressor genes are downregulated, leadimg to development of the tumor eventually ([@b15-ol-0-0-4158]--[@b17-ol-0-0-4158]).

In the present study, mouse glioma 261 (Gl261) cells are used frequently in experimental glioblastoma therapy. However, no detailed description of the Gl261 tumor model is available. In the present study, Gl261 cells carried point mutations in the *K-ras* and *p53* genes. Basal major histocompatibility complex (MHC) I, but not MHCII, expression was detected in Gl261 cells. The introduction of interferon-γ-encoding genes increased the expression of both MHCI and MHCII ([@b13-ol-0-0-4158]). The results of the present study showed that the cells directly regulated transcription of the tumor genes. Glioma stem cells and NSCs do not have a dependent relationship, and there are even mutual constraints. Suzuki *et al* ([@b18-ol-0-0-4158]) found that the cell factor secreted by the nerve bulb, which is obtained by subculture can inhibit the proliferation of glioma cells. *In vitro*, their results showed that molecules with a weight between 50,000 and 100,000 have a role in inhibiting tumor activity. Additionally, following implantation of 203G glioma cells and neural progenitor cells in the cerebellar medulla pool, the survival time of mice in the combination group was significantly prolonged ([@b18-ol-0-0-4158]). In addition, transforming growth factor-β secreted by NSCs has an inhibitory effect on glioma ([@b19-ol-0-0-4158]). Proto-oncogene is a gene that is associated with cell proliferation, and is necessary to maintain normal life activity with high conservatism in evolution. When the structure or regulatory region of the proto-oncogene is altered, the gene products increase or the activity of the gene is strengthened, causing the cell to proliferate and form a tumor. The findings of the current study have shown that NSC regulates the original gene, but does not affect cell proliferation, indicating that NSC has other regulatory pathways. Tumor occurrence is the result of the synergistic action of multiple proto-oncogenes and tumor suppressor genes.

Orian *et al* ([@b20-ol-0-0-4158]) detected the co-expression of *e-erbBI*, *C-mye*, *Ha/N-ras* and *C-fos* genes and found that the number of cancer genes was associated with tumor. There were two types of gene co-expression in the improved grade of the tumor. However, but there were 3 or 4 types of co-expression of cancer genes in the variant star tumor and glioblastoma cell tumor. The co-expression of c-erbBI/Ha/N-ras/C-fos is the most common in the variant star tumor, while the co-expression of c-erbBI/C-myc/Ha/N-ras was found to be the most common in glioblastoma, with the latter being found to have four co-expressions of oncogenes. Previous findings have shown that C-erbB1 gene amplification was accompanied with the amplification of C-myc and/or *C-fos* gene ([@b21-ol-0-0-4158]), suggesting that the epidermal growth factor receptor and C-515 encoding platelet derived growth factor can lead to growth of the expression level of the *C-myc* and *C-fos* genes. The p53, p6z, pZI\'ip and growth factor receptors often co-regulate the cell proliferation cycle ([@b22-ol-0-0-4158]). In glioma cells, growth factor receptor and P53 gene mutation were overexpressed the mutant p53 protein inhibited the expression of p21c\'Pl, while leading to the negative regulation of p21dPI on the cyclin-dependent kinase being decreased. Thus, the above factors accelerated the cells from G to S stage. Previous studies have indicated that the occurrence of glioma is the result of many cancer and tumor suppressor genes. Of these, c-erbBI, C-myc, Ha/N-ras, C-fos and p53 genes have cleared roles, although their interaction mechanism remains to be further determined ([@b23-ol-0-0-4158],[@b24-ol-0-0-4158]). In conclusion, NSC cell transplantation can effectively improve MCF-7 breast cancer model in mice through the dual regulation of the proto-oncogene/suppressor of tumor cells, and a potentially effective method for treating breast cancer.
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